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I nvention The present invention is related to

sem conductor nmenory devices, and in particular to

erasabl e and programmabl e nonvol atil e nenory nodul es

which are connected to a host platformusing the USB

PC Bus. Erasable and progranmmabl e non-vol atile nenory

nodul es, hereinafter referred to as flash nmenory or

flash devices, are known in thk art for st orage of
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of previously been written, unless the area is first erased. A software management
system, such as that disclosed in U.S. Patent No. 5,404,485, filed on March 5, 1993,

' 'which is incorporated as if fully set forth herein, is required to manage these functions.
of the: flash memory device. '

Menﬂy, these flash memory devices have a second limitation, which is that -
they must be either attached statically to the host plzitfonn, or attached and detached
dynamically using the PCMCIA [Personal Computer Memory Card International
-Association] interfacg:. Both implementations have drawbacks, including difficulty of
use and high cost.

_ A more useful implemgntation would follow the USB standard, as described in




use and high cost. A nore useful inplenentation would
follow the USB standard, as described in 10 Aprid ABGICGHIO0s6
2 the USB Specification Version 1.1 which is
incorporated as if fully set forth herein. The USB
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R componenis include the bus topology, which is the connection model between USB
devices and the host platform.

The USB physical interconnection has a tiered star topoldgy. A hub is at the
center of each star. Each wire segment is a point-to-point connection between the hést
platform and a hub or function, or a hub connected t.() another hub or function. |

In terms of a capability stack, the USB tasks which are performed at each layer
in the system include a data flow model and a schedule. A data flow model is the
manner in which data moves in the system over the USB between data producers and

data consumers. A—schedule determines access to the interconnection, which is



platformand a hub or function, or a hub connected to
anot her hub or function. In terns of a capabili{yApril 2006
stack, the USB tasks which are perforned at each | ayer
in the systeminclude a data fl ow nodel and a

schedule. A data flow nodel is the manner in which
data noves in the systemover the USB between data
producers and data consuners. A schedul e determ nes
access to the interconnection, which is 10 April 2006
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expenence underrun or overrun, by using a NAK handshake to throttle the data rate.

‘With the NAK handshake, a transaction ‘is retried when bus time is available, The

flow control mechanism permits the construction of flexible schedules which
accommodate concurrent servicing of a heterogeneoﬁs mix of stream pipes. Thus,
multiple stream pipes can be serviced at different intervals w1th packets of different
sizes. _

The USB standard, as described, has three main.types of packets, including
token packets, data packets and handshake packets. An example of each type of




experi ence underrun or overrun, by using a NAK
handshake to throttle the data rate. Wth the th ril 2006
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construction of flexible schedul es which accomodate
concurrent servicing of a heterogeneous m x of stream
pi pes. Thus, nultiple stream pipes can be serviced at
different intervals with packets of different sizes.
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al so features a data f Iona
cont ai nPH#EEEURIArt Fignee 3 shows a background art USB handshake packet 28,

which features only a PID (packet identification) field 30. Handshake packets 28 are
used to report the status of a data rtransaction and can return values indicating
successiul reception of data, command acceptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can retarn ha.ndshaké
packets 28. Handshake packets 28 are always retrned in the handshake phase of a
transaction and may be returned, instead of data packets 20, in the data phase of a
transaction.

These three different types of packets are exchanged during various phases of

the transaction which includes a USB device. A schematic block diagram of the




a CRC field 26 for containing the checksum as

previ ously descri bed. Background art Figure 3 stongriie2006
background art USB handshake packet 28, which

features only a PID (packet identification) field 30.
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- form part of a USB system on a host platform. For example, U.S. Patent No.

5,799,168 does not teach or suggest such an implementation for the flash device. As
mentioned previously, such an arehitecture would be particulaﬂy useful for a number
of reasons, including low cost, ease of use and transparency to the end user.

| There is thus a need for, and it would be useful to have, an architecture for
defining and describing a flash memory device which is compatible with-a USB
system and which follows the USB specification, such that the flash memory device

could sit ona USB-defined bus and communicate with ths host platform through this
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USB specification. Thus, any specific device fogApril 20086
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FIG. 12 is a schematic block diagram of a flash read stafus packet;

FIG. 13 is a schematic block diagram of 2 flash erase request packet; and
FIG. 14 is a schematic block diagram of a flash erase status packet.

Summa_xy‘ of the Invention

' Example embodiments of the present invention may be in the form of a flash
memory device, containing one or more flash modules, in which the flash memory is
mapped to the address space of an ASIC or a controller which has a USB-defined
electrical interface and a USB-defined logical interface. This controllet/ASIC
(hereinafter termed a “controller”) supports the USB functionality according to the USB
standard, thereby supporting enumeration onto the USB bus, as well as data reception
and transmission over USB pipes to and from USB endpomts This controller also
supports the functionality and control of the flash memory device, as well as the

processing of command and data packets from the host




FIG 10 is a schematic block diagramof a flash wite
status packet; FIG 11 is a schematic bl ock di a@Apfn2006
of a flash read request packet; FIG 12 is a
schematic bl ock di agram of a fJl ash read status packet;
FIG 13 is a schematic block diagramof a flash erase .
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mmited to Windows95™, Windows 3.x™ in which “x” is an integer such as “1”,
‘Windows NT™, Windows98™, Windows CE™ and any upgraded versions of these
operating systems by Microsoft Inc. (Seattle, Washington, USA).

Detailed Description of the Invention

The present invention is of a flash memory device, containing one or more
flash modules, in which the fiash ﬁicmory is mapped (o the address space of an ASIC
ot a controller which has 2 USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed a “controller”) supports the USB
functionality according to the USI? standard, théreby supporting enumeration onto the
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48 through a USB flash device connector 52. Host platform 44 features a USB host
controller 54 for controlling and managing all USB transfers on ﬂ’lﬁ USB bus.

USB flash device 46 features a USB flash device controller 56 for controlling
.the other components of USB flash device 46 and for providing an interface for USB
flash device 46 to the USB bus, USB flash device connector 52 and at least one .ﬂash

memory module 58. Flash memory module 58 is preferably an érray of flash memory
modules 58 in which the data is stored. |

Whenever USB flash device 46 becomes connected to host platform 44, a




exanple in the drawings and will be described in
details in the follow ng pages. It should be 1g April 2006
understood that one of ordinary skill in the art
appreci ates that the present invention could be

i mpl emented in various other ways. The intention is to
cover all nodifications and alternatives falling
within the spirit of the current invention. The
principles and operation of a USB flash device and
system according to the present i nventi on nay be
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transmits status packets using the “status end point”. According to this procedure,
host platform 44 checks (polls) for status packets and USB flash device 46 returns
either an empty packet if no packets for new status :ﬁessages are present, or

alternatively returns the status packet itself;

A more detailed structure of the functional components of USB flash device
46 is shown in Figure 6. USB flash device 46 includes the physical and electrical
interface defined for the USB standard, shown here as USB flash device connector 52




one endpoint. Host platform 44 queries USB flash

device 46 through the other endpoint for statusg April 2006

changes, and receives related packets if any such
packets are waiting to be received. Host platform 44
requests services fromUSB flash device 46 by sendi ng
request packets to USB host controller 54. USB host
controller 54 transmts packets on USB cabl e 48.
These requests are received by USB fl ash device
control ler 56 when USB flash’device 46 is the device
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has a physical address space. Thus, a transtation must be performed between the
logical address space of host platform 44 (not shown) and physical address space or
spaces of USB flash device 46, There are many ways to implement such a translation
which are suitable for the present invention. One examﬁle of a suitable

implementation of an address translation method is described with regard to U.S.




mllisecond, a USE frane is carried on the USB-defined
bus, such that packets could be sent to USB fl &ghpril 2006
devi ce 46. Connector interface 64 then receives these
packets through a first interface conponent, which is

a conbi ned physical and |ogical interface 66. A
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particular flash memory device array. In addition, an identification routine should be

_ able to detect the size of the array of flash memory devices, including the number of
flash memory devices within the atray, and various features of the flash array
geometry, such as interleaving and bus width, This information later enables host

 platform 44 prlrz;t_ﬁ.)nn to detennine_the address space and size of the storage media.
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Patent No. 5, 404, 485, previously incorporated by
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a method for managing a flash nmenory as a flash disk

and which is suitable for operation with the present
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The USB controller also negotiates with the flash modules and determines the
size and manufacturing type of these modules. The controller then builds an
ldentlficatlon structure holding this information, as well as the translation table and
logical address space,

After the USB host controller identifies the USB fiash device, the host

platform often uploads a USB cliel_l_t driver. The driver issues an identification request




platform44 platformto determ ne the address space

and size of the storage nedia. 10 April 2006 1210 kpM.2006
Pat ent No. -5, 799, 168, previously incorporated by
reference, discloses an exanple of such an MID for a
flash device. Using the above described protocol and
architecture, host platform44 can optionally

i mpl enment any application which is inplenentable with
any regular nenory mapped or 1/0 mapped flash nmenory
devi ce. For exanple, host pla{forn144 can glve a
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&190 g focadesa ity sl Drveh thesiwride” aperational code; an ADDR

field 94 with the logical address to be written; a LEN field 96 with the length to be
written; and a DATA field 98 which contains the actual data to write, The packet
. extractor extracts the operational code from write data packet 90 and transfers this
code to the application command interpreter. The logical address is transferred to the
address resolve module which translates this logical address to a physical address on
one of the flash modules. The data handler optionally calculates error correction and
detectlon mechanisms if employed by the USB flash device. Once all of the flash

_ ‘memory modules are ready, a “write” comtnand is sent to the flash module or modules




identification structure holding this information, as
well as the translation table and |ogical addresapril 2006
space. After the USB host controller identifies the

USB fl ash device, the host platformoften uploads a
USB client driver. The driver issues an identification
request 10 April 2006 13 command to the USB host
controller, causing the controller to transmt an
identification data packet 80, shown in Figure 7. ,

I dentification packet 80 contiains PID field 22 and

che nfield 26, ,as described previously f.or
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except ‘ )
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ADi¥Ral tb e okt Plétforintthlintioe A %M st L &SSndsLoetEadVThd D

a field 96,with the l.ength to be :

atlorm 1ssiles a read request and receives 3 “read status”™ packet 110 as shown in

Figure 12. Read status packet 119 contains the address of the read data in ADDR
field 108, as well as the length of the read data in a LEN field 112 and the data itself
in a data field 114. Read status packet 110 also featurcs the status word, according to
which the operation was completed, in a status field 116. The read operation can be
completed with many different status situations such as success, fail, error detected,
invalid address, invalid length and so forth,

When the host platform needs to erase an erase unit in the flash device, the



witten; and a DATA field 98 which contains the actua
data to wite. The packet extractor extracts the April 2006
operational code fromwite data packet 90 and
transfers this code to the application comand
interpreter. The |l ogical address is transferred to the
address resol ve nodul e which translates this | ogica
address to a physical address on one of the flash
modul es. The data handl er optionally cal cul ates error
correction and detection nmegbanisns if enployed by

ash devigce. Once all of the flash nenory
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f| e‘frﬂv‘ 3n a s} 26p| at f or m r eads the status packets
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in ofﬁgr ¥E%§?Lgﬂﬁ St platformto have a reference to

the specific command related to status packet 100. As
shown in Figure 11, a "read request"packet 104
contains the operation code for the "read" command in
a read field 106, and the |ogical address of the
desired location fromwhich the flash controller
should read in an ADDR field 108. Upon receiving this
command, the flash controller issues a read command to
the MID bl ock, after t-he address resol ve nodul e has
transl ated the address contained in ADDR field 108
toa specific physical address in one of the flash
conponents. \Wen the flash controller receives the
data fromthe flash device, either after




the read command was issued, or if an error occurred,
the flash controller sends a signal to the host0 April 2006
platformto indicate that a new status packet nust be
~read. The host platformissues a read request and
receives a "read status" padket 110 as shown in

Figure 12. Read status packet 110 contains the address
ofcﬁwq;read data in ADDR field 108, as well as the
Iengﬂﬁ'of the read data in a LEN field 112 and the

data i tseiSB fldsk memoigtdavitd Rk donhdding ReaWsBldafined bRAMK hsh
110 als$ features the status word, according to which

t HEPTERETAF B RR88 conpl eted, in a status field 116.
The read) HR& 8ld Mk ~&RrPRodEPNP! eted with many
different status situations such as success, fail,
error dbx eeenagctor thayinp (UFBaehirastos adapied dpri agniectingt th aglASB-
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hosfinegdlbat figk m | ssues an "erase request” packet 118,
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a nfegry sédateus packet is ready to transmit. The
controller then transmts an "erase status" packet
124, as shown in Figure 14. Erase status packet 124
cent ai e UR naddhassy Rbicd ReordifE @SREn U Hithet @)mﬁm@: field
122, thereby providing the host platformwith a )

r ef er er®ean dddresstygsobenmadule fon aseiving vheé packets. pad & derltingg
t ner. a
s G oo R ph Rl 133 SRERS R sl Bl il
alohdhat sgCiloohcopromadare pirforresiciecbrding ty sdidadgessee as
exanpl es, and that many ot her enbodi nents are possible
wWthin the spirit and the scope of the present
invention. 10 April 2006 16 Clainms 1. A USB fl ash

menory device for connecting to a USB-defined bus the
f I3as h The USB flash memory device according to claim 2, wherein, if said command

is a write command for writing data to said at least one flash memory module and said
address is a logical address for writing said data, said address resolver module resolves

said logical address to a physical address of said at least one flash memory module.

4. The USB flash memory device according to claim 2, wherein, if said command
is a read command for reading data from said at least one flash memory module and
said address is a logical address for reading said data, said address resolver fnodule
resolves said logical address to a physical address of said at least one flash memory

- Ihodule.



menory device conprising: (a) at |east one flash

menory nodul e; (b) a connector that is a USB conp@gtinzoos
adapted for connection to a USB- defined bus and for
sendi ng and receiving USB-defi ned packets to and from
said USB- defined bus; and {t) a USB controller which
interfaces with a host over said USB connector which

at_| eas ries out one of reads an ites to said
2051 easTed i mine o Sopiga S 2o RIS gy 1 b

sai d USEy dedi nadiebRE Kketofining Roéms UaEdti&e shd dmédiad rosddedor
controller conprises a conmand interpreter which is
adajsreblaest eneiflathansmogt meduled and write commands recei ved
as operation code extracted fromrecei ved USB-defi ned
data packets over said USB connector into read and

wré-t e abteilBdlagtomensay devist adcerding tapalam B fagter comprising

m)d.l“ e. {f)zf* StE-lr ehagdqlgr 1fol' %%QWHE ggi)c[ é%cgeqsv gm%gf ] d:'s ta(c):kets
claim1,” Turther conprisi rﬁg AN addr ese T e85 V&
nocbudeenifgCrstans o fdaid anlgass aiedlaghatdeirsmodalethcdonding te S paclaegs.
addresses contained in said packets, said addresses
being sent to said USB controller, such that said

bl ock commands are perforned according to said
addresses. 3. The USB f|ash nenory device according to
cl’ai m JThei$Bfleshmenory dexicelaccorring tlaim §, Tarthgr sopprigiegimmand
for wigd, i & : |

rodul e Gha shoy o Ang S, NP3 AlRile £50 TR and
“wrnihydigal addlaisel olisidagt lensti ae ddelr wmemory emdilv.emd e chgtferming said
_re“s,n!egoes §%is9idl g)%i[cag[aal rg\sgldr ess to a physical address
of VSar g At FeaSPIGITR f“fas‘h menory nodul e. 4. The USB
flash menory device according to claim2, wherein, if

saj d corg‘nijgd is a read_command for readi nlg data from
sdd atte &ﬂagh@e’??régﬁ’“i‘f@ﬁ??ﬂ}“%&'ﬂﬂ of clgites Togh, gyberein the

adgies®nipSseda i Gl coddeibess for reading said data,
sai d address resol ver nodule resolves said | ogical
address to a physical address of said at |east one
fl@ash .. 2006 17 e lSB . .
f15eh ros GE ity el Rl 2R Jne e i
C dmpreil 89 angntegrad yenwvatdd withandl er for perform ng an error
detection and correction routine for said at |east
one flash nenory nodule. 6. The USB flash nenory

dev ce e UIBMYmbRore eVid® adcordisl {otBim 8 QEPkinSH, Rherein said

device acts as a dynamically attachable/detachable non-volatile storage device for said

host.

i1, The USB flash memory device according to any of claims 1 to 10, wherein said
UJSB controller further comprises:

(i) a USB interface which supports a USB protocol; and

(ii) a functionally separate flash memory interface which interprets said
commands received as said packets over said USB connector into actions for said at

least one flash memory module.

12. The USB flash memory device according to any of claims 1 to 11, wherein said

USB controller is implemented as a single integrated circuit.




(f) a status handler for receiving said packets and
for sending status packets concerning a status{®Rapri 2006
said at | east one flash nmenory nodul e according to
sai d packets. 7. The USB flash nenory device according
to claim6, further conprisidng: (g) a nenory
technol ogy driver, MID, for receiving a wite command
and physical address of said at |east one flash
menory nodul e, and for performng said wite comand
t o152 dTHRISS fadd mastidy BSfee a@orditB o 9B f1AiRs D td B PheYein said
devi ce according to any of clains 1 to 7, wherein the
d espedleeyithsr PSS’ singl e sai d connector. 9. The USB
flash nenRig. AeNIGRACEMdhOY to claim8, wherein said
device I's orneg as an Integral renovable unit. 10.

" The USRiif 4 @8Brdefmpdlogicd éwérfzes; according to claim 8 or

claim?9,..wherein said .deyice acts as dynam_cal ly .
at t achal & REFL EHEEPE B T PUPr B BraPonglouE foRe P
Saleqhesthagktt; andl. The USB flash nmenory devi ce according
‘to any OE C|$#HB 1to 10{ wherein sai.d USB controller
furt her(™ Spesolyyr pdagtediiptrgngipte arlagice! ofdresh e ppid it
2 rolpt BEREGRO b phyRfdl alldrbss of ofebR Blotc WP Rdid ¥ 1SGRAE BB nfelndsh
_nennr§ interface which interprets said comuands
réeelulped as sai d packets over said USB connector into
~actions for said at |east one flash nenory nodul e.
~12. The USB flash nenory devi ce according to any of

el idi ms The USB Thsh meriedenics adcokding)SBing ofiaiod 1 ©rl3) gherein said

. inplenented.as si,ngle integrated circuit. .10 ri
B e R e R P TR R AR
anyasQine GhsBin¥mody foduié2, wherein said controller
further conprises: (i) a USB-defined electrica
interface; (ii) a USB-defined |ogical interface;

(s ) aryp @@ﬁ%sh%ﬂo%&e@foe QQ@@EEQ dnf ofih @l 18 \wherein said

operational code froma wite request packet; and
(1USB eomireligriintstpsety wxito lcyramands) affsr exdrattngtdpta irsbeawitten from said
| agj,cal address fromsaid wite request packet into a
physi cal address on one or nore of said at |east one
flash nenory

16. The USB flash memory device according to any of claims I to 15, wherein said
“USB-bus is connected to said host and wherein said host provides commands to said

USB controller using a proprietary protocol.

17. The USB flash memory device according to any of claims 1 to 15, wherein said
USB-bus is connected to said host and wherein said host provides commands to said

USB controlier using a standard protocol.

18. The USB flash memory device according to any of claims 1 to 17, comprising
an address/data bus interconnecting said USB controller and said at least one flash

memory module.




nodul e. 14. The USB flash nmenory device according to

any of clainms 1 to 13, wherein said device prov)@desdl 2006
| ogi cal to physical address transl ation between said
host and said at |east one flash nenory nodul e. 15.

The USB fl ash nmenory devi cel%ccording to any of clains

1 to 14, wherein said USB controller intetprets wite

co n extracting dat.a to be_wr.it from.sai
oot s Hn iR A et i B it L g SRR
anySB tonebiftr AEzotiatésOvithSaid WhRESE bie Feslh hem&dPPrddis td Getermine at
connected to said _host, and wherein said host provides
c IFATETHA Leafup of the Jlashypgdule 85AMEBY-| er using a proprietary
protocol. 17. The USB flash nmenory device according to

any of clains | to 15, wherein said USB-bus is

cottnect’ég USH fagh wemy devien doopidme éo laimdidgwitpesin sajsraplehst eg
(ofe%anp1:T - ' USB controller using a standard

protocg?m%%§§§%'e USB fl ash nmenory device according to
any of clainms 1 to 17, conprising an address/data bus

I nf,ercann [ said USB controll er. d sai d_ .at, | east
ortd°t | oR OSReRE e S fHimgHer J5h g e ey
f | ah bkt biRITedtYte SNPHES 2 aRMP ciiAgtyb® any of clains 1 to
18, wherein said USB controller negotiates with said
at | east one flash nenory nodule to determ ne at

| east ofe tRAkMhCemGhor) Evide! RERGIP W LRIDSOBhckeln s4P USB
-The USB flash nmenory device according to claim 19,
wirentealler usesi seid siptedmaned type tredetefraine o Memeoynkselinglogy Briver, A6TD,
2 Iﬁg nory device according to claim 19
o&og%§$ﬁ1§§é% e?g?ﬁ said at |east one feature
conpri ses a manufacturing type. 22. The USB fl ash

ry.devj.ce.accordi .to claim 21, erein said USB
cotter o eV IshCat Seny Bttt eyt of B s B g
VBRR kintrb RS ROHO YA HI6t b T is rédiPatter bl AbpGati®d. sai d flash
menory. 23. The USB flash nmenory device according to
any of claims 19 to 22, wherein said controller
n %' f ' %ﬂ %Bqlag"lqﬁ otr)h@etvicé %cc!)rﬁ' &mmqg,tvﬁ{ere&as'aﬁ at least one
negoti ation. 24. The USB I'ash nmenory device accordi ng
t deapira¢ompfi®s a wiaeand a magdictiriag tybeast one

25, The USB flash memory device according to claim 24, wherein said determined

size and type are used to generate a translation table and address space.

26. The USB flash memory device according to claim 25, wherein said USB

controller generates said translation table and said address space.

27. | The USB flash memory device according to any of claims 1 to 26, wherein said
controller includes a plurality of chip enable signal lines for attaching to a plurality of

flash memory modules.

28. The USB flash memory device according to aﬁy of claims 1 to 27, wherein said

connector is attached to said controller by a combined physical/logical interface.



feature conprises a size and a manufacturing type. 25.
The USB fl ash nenory device according to clai m 2dApril 2006
wherein said determ ned size and type are used to
generate a translation table and address space. 26.

The USB fl ash nenory devi ce2taccording to cl ai m 25,
wherein said USB controller generates sai d

t | d d d
135 npiaryp b FedS AR RetrE TR e iV Eop e
2 Gphy¥iku®Togickl igétade is patdfisal b@trollldﬁcl udes a plurality of

chip enable signal lines for attaching to a plurality
of flash nenory nodul es. 28. The USB flash nenory

dey. ce ArAMEHMInERorpBkiRhecblaflgMBany of Qaitd 1 tm&/ﬁ‘éré}n said
said connector is attached to said controller by a

c cittrastene sy mpracry miodls eomprisen o plufaliyef flash mapetymogdess 20
29. The USB flash nenory device according to claim 28,
wherei n said conbined physical/logical interface is
part -of said controller. 30. The USB flash nmenory

deyvi ce .ac Lng to an of 2
ot ot G R e e b\ Titnn £ chpyficagad uss
pl den@dllet firtkk cdnbpisdd: menory nDduIes 31 The USB fl ash

menory device of any of clainms .1 to 30, wherein said
USB  corfBichienal inlgriion adapted ipgpoeive said packetsasuchy fhatkif eng &f said
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i S RERI SY‘?ey‘S &Pﬁ%ﬁgﬁf‘@ﬁ%ﬁ @ﬁ*&B\e . 32. The USB
flash nenory device of any of clainms 1 to 31, further
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controller further conprises: (|) means for extracting
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sai d connector; and (ii) neans for controlling said
flash menory means in response to said conmmands.

and wherein said controller further comprises:

(i} means for extracting flash memory commands from said packets received
via said connector; and .

(ii) means for controlling said flash memory means in response to said

" commands.

33. The USB flash memory device of any of claims 1 to 31, comprising:

(d) means for providing an USB interface functionality to said connector;

and wherein said controller further comprises:
(i) a command extractor operative to extract flash memory commands from said
" packets received via said connector; and
(ii) a memory technology driver operative to controlling said flash memory

means in response to said commands.




33. The USB flash nenory device of any of clainms 1 to
31, conprising: (d) means for providing an USB 10 April 2006
interface functionality to said connector; and wherein
said controller further comgrises: (i) a command
extractor operative to extract flash nenory commands
fromsaid packets recelved via said connector; and
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sai d comands: ARCHI TECTURE FOR A UNI VERSAL SERI AL
BUS- BASED PC FLASH DI SK ABSTRRIRALTSt or age unit nade

of a flash array (58) and a Universal Serial Bus (USB)
controller (56) is inplenented to be conpatible with
the USB specification. The unit (46) includes nenory
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operations such as programming, reading, and erasing the flash modules (58). N
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